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1. overview 

1.1 Principle 


The average gas velocity in a stack is determined 


from the gas density and from measurement of the 


average velocity head with an S-type 


(Stausscheibe or reverse type) Pitot tube. 


1.2 Applicability 


This method measures the average velocity of a 


gas stream from which gas flow is quantified. 


This procedure does not apply at measurement 


sites which fail to meet the criteria of Method 


1.1, Section 1.2. Section 2.4 of Method 1.1 


shows how to determine cyclonic or swirling flow 


conditions. When unacceptable conditions exist, 


use alternative procedures or see Chapter X for 


nonAstandard conditions. Examples of acceptable 




alternative procedures are (1) installing 


straightening vanes, (2) calculating the total 


volumetric flow rate stoichi~metricall~, 
or (3) 


moving to a measurement site with acceptable flow 


conditions. 


If time-weighted volumetric flow rate is 


required, perform reference point velocity 


monitoring as described in Chapter X for'non-


standard conditions. 
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Field Procedures 


2.1 Apparatus 

2.1.1 p i t o t  Tube 

Specif icat ions a r e  described below. Any 

other  apparatus t h a t  has been 

demonstrated capable of meeting these . 

spec i f ica t ion  w i l l  be considered 

acceptable,  subject  t o  approval of t h e  

Executive Officer . 

a. S-Type P i to t  tube 

The S-type P i t o t  tube (Figure 

2.1-1) sha l l  be made of m e t a l  

tubing (e.Q. s t a i n l e s s  steel). The 

external  tubing diameter (dimension 

Dt, Figure 2.1-2b) should be 



between 0.48 and 0.95 an (3/16 t o  

3/8 i n . ) .  There must be an equal 

distance from the base of each leg  

of the Pi to t  tube t o  its face-

opening plane (dimensions PA and 

PB, Figure 2.1-2b) . This distance 

should be between 1.05 and 1.50 

t i m e s  t he  external tubing diameter. 

The face  openings of t he  P i t o t  tube 

should be aligned a s  shown i n  

Figure 2.1-1; however, s l i g h t  

misalignments of t he  openings are  

permissible (see Figure 2.1-3). 

The S-type P i to t  tube must have a 

known coefficient  . Assign an 

ident i f ica t ion number t o  t h e  P i t o t  

tube and permanently mark or  

engrave it on the  body of t h e  tube. 

Before its i n i t i a l  use, careful ly  

examine the  S-type P i to t  tube i n  

top, s ide ,  and end views t o  ver i fy  

tha t  t h e  face openings of t he  tube 

are aligned within t he  

specifications i l l u s t r a t e d  i n  

Figure 2.1-2 o r  2.1-3. Do not use 



the Pitot tube if it fails to meet 


specification. Before each use 


carefully reexamine the tube in 


top, side and end views. If the 


Pitot face openings are still 


aligned within the specifications 


illustrated in Figure 2.1-1 or 2.1- 


3, assume that the baseline 


coefficient of the Pitot tube has 


not changed. If, however, the' tube 


has been damaged to the extent that 


it no longer meets the 


specifications of Figure 2.1-2 or . , 

2.1-3, repair the damage to restore 


proper alignment of the face 


openings or recalibrate or discard 


the tube (refer to Chapter 111). 


b. Standard pitot Tube 


A 'standard Pitot tube may be used 


instead of an S-type, provided it 


meets the specifications stated in 


this method. 


Note, however, that the static and 


iipact pressure hole of standard 


Pitot tubes are susceptible to 




plugging i n  high moisture-laden and 

particulate-laden gas streams. 

Whenever a standard Pi to t  tube is 

used t o  perform a traverse, 

adequate proof must be furnished 

tha t  the openings of the Pi to t  tube 

have not plugged up during the  

t raverse  period. To. do so, take a 
. . 

veloci ty  head (AP)  reading a t  the 

f i na l  t raverse point, cleaning out 

the  impact and s t a t i c  holes of the 

standara P i to t  tube by "back- 

purgingn withpressurized a i r  and 

then take' another AP reading. I f  

the  AP readings made before and 

a f t e r  t he  a i r  purge are the same 

(+ 5 % ) ,  t h e  traverse is acceptable. 

Otherwise, reject the run. Note 

tha t  i f  AP a t  the f ina l  t raverse 

point is unsuitably low, another 

point may be selected. I f  "back-

purgingw a t  regular intervals  is 

part  of the procedure, take 

comparative AP readings, a s  above, 

for  the l a s t  two back purges a t  

which su i tab le  high APreadings are 

observed. 



The standard P i to t  tube should, 

have a known coefficient,  obtained 

e i t h e r  (1)direct ly from the 

National Bureau of Standards, Route 

270, Quince Orchard Road, 

Gaithersbury, Maryland, o r  (2) by 

cal ibra t ion against another 

standard Pi to t  tube with an NBS-

t raceable coefficient. A standard 

P i t o t  tube designed according t o  

the  specifications given below and 

i l l u s t r a t ed  i n  Figure 2.1-4 may be 

used. P i to t  tubes designed 

according t o  these specifications 

w i l l  have baseline coeff icients  af 

about 0.99 + 0.01. 

1. Hemispherical (shown i n  Figure 

2.1-4), e l l ipsoidal ,  o r  

conical t i p .  

2. A mininiuin of s ix  diameters 

s t ra igh t  run (based on D, the 

external diameter of the tube) 

between the  t i p  and the s t a t i c  

pressure holes. 



3. A minimum of e i g h t  diameters 

s t r a igh t  run between the 

s t a t i c  pressure  holes  and the 

center l ine  of the e x t e r n a l  

tube, following t h e  90-degree 

bend. 

4.  S t a t i c  pressure  holes  of  equal 

s i z e  (approximately 0.1 D) , 

equally spaced i n  a piezometer 

r ing  configuration. 

5. Ninety degree bend,, w i t h  

curved o r  mitered junction. 

I f  the  standard P i t o t  tube is used 

as par t  of an assembly, the  tube 

s h a l l  be i n  an in ter ference-f ree  

arrangement and sub jec t  t o  the ' 

approval of the Executive O f f i c e r.. 

c. S-Type Pi to t  Assemblies 

During sample and ve loc i ty  

t raverses ,  t h e  S-type P i t o t  tube is 

not  always used alone. I n  many 

instances, . the P i t o t  tube is used 



in combination with other source 


sampling components (thermocouple, 


sampling probe, nozzle) as part of 


an "assemblyn. The presence of 


other sampling components can 


sometimes affect the baseline value 


of the S-type Pitot tube 


coefficient. Theref ore, an 
assigned, or known, base1 ine 


coefficient value may not be valid 


for a given assembly. 


The baseline and assembly 


coefficient values will be 


identical only when the relative 


, placement of the interference 


effects are eliminated (see Figures 


2.1-6 through 2.1-8) . Calibrate 

according to the procedure outlines 


in Chapter I11; Calibrations. 

Do not use any S-type Pitot tube 


assembly which is constructed so 


that the impact pressure opening 


plane of the Pitot tube is below 


the entry plane of the nozzle (see 


Figure 2.1-6b) . 



After each field use, check-the 


face opening alignment of the Pitot 


tube and remeasure the 


intercomponent spacing of the 


assembly. If the intercomponent 


spacings have not changed and the 


face opening alignment is 


acceptable, assume that the 


coefficient of the assembly has not 


changed. 


If the face opening alignment is 


not within the specifications of 


Figure 2.1-2 or 2.1-3, either 


repair the damage or replace the 


Pitot tube and calibrate the new 


assembly, if necessary. 


If the intercomponent spacings have 


changed, restore the original 


spacings or recalibrate the 


assembly. 


2.1.2 Differential Pressure Gauge 


Use an inclined manometer, or an 


equivalent device such as a magnehelic 




gauge. Host commercial sampling trains 


are equipped with a 10 in. water column 


inclined-vertical manometer, having 0.01 


in. H20 divisions on the 1 to 10 in. 


vertical scale. 


This type of manumeter, or other gauge 

. . 

of equivalent sensitivity such as a 


magnehel ic gauge, is satisfactory for 
. . 

the measurement of APvalues as low as 


1.3 mm (0.05 in.) H20: However, a 


differential pressure gauge of greater 


sensitivity must be. used' if one of the 


following criteria exists: 


1. The arithmetic average of all AP 


readings at the traverse points in 


the stacks is less than 1.3 mm 


(0.05 in.) H20. 


2. For a traverse of 12 or more 


points, more than 10 percent of the 


individual AP readings are below , 

1.3 mm (0.05 in.) H20. 
 : 



3. For a traverse of fewer than 12 


points, more than one AP reading is 


below 1.3 mm (0.05 in.) H20. . 

As an alternative to these criteria, the 

following calculation may be performed 


to determine the necessity of using a 


more sensitive differential pressure 


gauge: 

where: 

T = Factor, dimensionless 

'Pi = Individual velocity head reading 

at a traverse point, mm or in. 


n = Total number of traverse points 

K = 0.13 mm H20.when metric units are 

used and 0.005 in. H20 when 


English units are used 




If T is greater than 1.05, the velocity 


head data are unacceptable and a more 


sensitive differential pressure gauge 


must be used.. 


2.1.3 Temperature Gauge 

Use thermocouple, liquid-filled bulb 

thermometer, bimetallic thermometer, 

mercury-in-glass thermometer, or other 

gauge capable of measuring temperature 

to within 1.5 percent of the minimum 

absolute stack temperature. 

' 

Attach the temperature gauge to the 

Pitot tube so that the.sensor tip does 

not touch metal and the gauge does not 

interfere with the Pitot tube face 

openings (see Figure 2.1-1 and Figure 

2.1-7) . 

2.1.4 Pressure Probe and Gauge 

A piezometer tube and mercury or water- 

filled U-tube manometer capable of 

measuring stack pressure to within 2.5 

mm (0.1 in.) Hg is used. The static tap 



of a standard type Pitot tube- or one leg 


of an S-type Pitot tube with the face 


opening planes 'positioned parallel to 


the gas flow, may also be used as the 


pressure probe. 


2.1.5 Barometer 


A mercury, aneroid, or other barometer 


capable of measuring atmospheric 


pressure to within 2.5 mm (0.1 in. ) Hg 

may be used. 


Alternatively, the barometric reading 


may be obtained from a ~ationai Weather 


~ervice'
station. ~equ=st the station 


value (which is the absolute barometric 


pressure) and adjust for elevation 


difference between the NWS station and 


the sampling point at the rate. of minus 


2.5 mm (0.i in.) Hg per 30 m (100 ft) 


elevation increase, or plus the same 


adjustment for elevation,decrease. 




2.1.6 Gas Density Determination Equipment 


Use Method 3.1 equipment to determine 


the stack gas dry molecular weight, if 


needed, and Method 4.1 or Method 5.1 


equipment for moisture content. 


2.2 Procedure 


2.2.1 Equipment Setup and Leak Check 


Set up the apparatus as shown in Figure 


2.1-1. Capillary .tubing or a surge tank 


may be. installed between the manometer 


and Pitot tube to dampen AP 


fluctuations. Conduct a pretest leak 


check as follows: (1) Blow througb the 


Pitot impact opening until at least 80 


percent of full scale or 7.6 CIO (3 in.) 

H20 pressure, whichever is less, 


registers on the manometer. Close the 


impact opening. The pressure should 


remain stable for at least 15 seconds. 


(2) Do the same for the static pressure 


side, but use suction to obtain the 


minimum of 7.6 cm (3 in.) H20. Other 




leak check procedures may be used, 

subject  t o  t h e  approval of the ~ x e c u t i v e  

.Officer. 

2.2.2 Manometer Level and Zero 

Because the  manometer l eve l  and eero may 

d r i f t  due t o  v ibra t ions  and temperature 

changes, make periodic checks during t h e  

t raverse.  

Record a l l  necessary da ta  a s  shown on 

t h e  example, o r  use a s imi lar  da ta  sheet  

(see Figure 2.1-5). When using a 

d i f f e r e n t i a l  pressure gauge (e.g. 

magnehelic gauge), make sure it is 

firmly mounted and ad jus t  the  poin ter  t o  

zero. 

2.2.3 Velocity Head and Temperature 

Measure the  ve loc i ty '  head and 

, '  temperature a t  the t raverse  point& 

specif ied by Method 1.1. U s e  t h e  proper 

d i f f e r e n t i a l  pressure gauge f o r  t h e  

range of AP values encountered. Change 

t o  a more sens i t ive  gauge i f  needed and 



remeasure the AP and temperature 


readings at each traverse point. TO 


validate the traverse run, it is 


mandatory to conduct a post test leak 


check as described in'section 2.2.1. 


2.2.4 Static Pressure 


Measure the static pressure in the 


stack. One reading is usually'adequate. 


2.2.5 ~tmospheric Pressure 


Determine the atmospheric-pressure. 


Correct for stack height if the pressure 


is measured at ground level and the 


sample is point more than 100 ft above 


ground level. 


2.2.6 Stack Gas Molecular Weight 


Determine the stack gas molecular 


weight. For combustion processes, or 


processes that emit essentially W 2 ,  0,. 


CO, and N2, use-Method 3.1. For 


processes emitting essentially air, an 


analysis need not be conducted; use a 




dry molecular weight of 29.0. Other 

methods may be.used for other processes, 

subject to the approval of the Executive 

Officer. 

2-2- 7 .  Stack Gas Moisture content 

Obtain moisture content from Reference 

Method 4.1 or Method 5.1. 

2.2-8 Stack Cross Sectional Area 

Determine the cross sectional area of 

the stack or duct at the sampling 
8
I 

location by measuring the stack. 

dimensions. 

2.3 Calibration 

Refer to Chapter 111. 
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3. Engineering Calculations and Reporting 


Perform calculations, recording values to at least one 


decimal place more than that of the acquired data. 


Round off final results. A.calculation sheet i s  shown 

. . 

in Figure 2.1-9. 


3.1 Nomenclature 


A = . Stack cross sectional area, f t2 

= Moisture content in gas stream, Bw 
percent (from Method 4.1 or Method 


5.1) 


. . 

CP = Pitot tube coefficient, dimensionless 

'bar = Barometric pressure at measurement 

site, in. Hg 




pStatic = Stack s t a t i c  pressure, in. Hg 

ps 

'std 

F~ 

s 

'std 

Ma 

. %td 

= Absolute stack gas pressure 

(Pbar + Psta t i c )  

= Standard absolute pressure, 29.92 in.  

= Pressure correct ion factor ,  

dimensionless 

--
\ 'bar P s t a t i c  

% 
I 

= Stack g a s  temperature, OF 

= Standard absolute temperature, 520% 

= W e t  molecular weight o f  s tack  gas ,  

lb/lb-mole ( f r o m  Method 3 .1) 

= Standard dry molecular weight, 28.95 

lb/lb-mole 



Fd = Gas density correction factor, 

dimensionless 


H = Velocity head of stack gas, in. H20 

Vt = Average velocity of stack gas during 

test, f t/sec 


3.2 Volumetric Flow Rate 


a. Stack gas velocity at each traverse point, . 

ft/sec: 


Obtain the value of Vt by averaging the 


velocities at all the traverse points. 


b. Stack gas volumetric flow rate, cfm: 




c. Dry standard stack gas volumetric flow rate, 


Q (pi) (520) (1 - 0.01 4)-
Qsd -

29.92 (Ts + 460) 



% = Distance t o  Furthest Sampling Point Plus 30 CM (12 i n . )  
**Pitot Tube - Teqerature S e ~ s o r  Spacing 

Figure 2.1-1 

S-Type Pitot  Tube-Bhnoseter Assembly 



Properly cons t ruc ted  S-type P i t o t  tuse ,  shown i n :  

a .  End view; f a c e  opening planes  perpendicular  t o  t r a v e r s e  a x i s  
b. Top view; f a c e  opening planes  p a r a l l e l  t o  l o n g i t u d i n a l  a x i s  

. c. Side  view; bo th  legs  of equal l eng th  and t l e n t e r l i n e s  co inc iden t ,  
when viewed from both s ides .  Baseline c o e f f i c i e n t  v a l u e s  o f  
0.84 may be assigned t o  P i t o t  tubes  c o n s t r u c t e d  t h i s  way. 

Figure 2.1-2 

S-Type P i t o t  Tcbe Dimension Specif i c a t i o n  



Types of f ace-opening .nisal igmzent that c+ result from f i e l d  use or 
construction of +type Pitot tu3es. These w i l l  not affect  
as 1 and 2 lo0, B2 5O, z 0.32 an ( l / 8  in.)and w'O.OS cn 

Figure 2.1-3 

S-Type Pitot Tube Alignment Specification 



Figure 2.1-4 

Standard F i t o t  Tube Design Specif i c e t i o n s  



I Iagnrhclie Ms. (01: 
P ~ C O C  rube YO.- cc-a: 
Potent tnrctrr (Ca1: 
Thermouplr  No. (Cat:--

V e t o c i t y  Data Sheet  



(b) SIDE VIEW: TO PPSVENT PITOT TUBE. FROM INTES-FEBIXG VITH 
GAS FLOK STEAYLINES APPZOACEING THE KOZZLE, TEE IHPACT 
PRESSURE OPENING PIAXE OF T!! PITOT TUBE SiIALL BE EVEH 
VITH 03. DOWHSTPSAki FROX TJ3E NOZZLE ENTRY PLANE 

Require P i t o t  tube-sampling nozzle conf igura t ion  t o  prevent  
aerodynamic interference;  buttonhook-type nozzle;  c e n t e r s  of 
nozzle and P i t o t  opening aligneir; i n  respec t  t o  f low d i r e c t i o n ,  
Dt between 0.48 and 0.95 cn (3/16 and 3/8 .in.) 

Figure 2.. 1-6 

P i t o t  Tube-Probe Assenbly Spec i f i c a t i on  





Figure 2.1-8 

Hinimum Pitot-Saraple ?robe' separation h e t i e d  t o  Prevent 
. Interference: D Betveer. 0 -48 and 0.95 cm (3/16 and 3 .5  i n . )  

t 



SWTH COCIgT AIR OWLfTY CILHIABEIENT DISTRICT 

Sampl x ng 
Test NO. Trax n Date 
Cal cul atcd BY Chuked By 

SOURCE lEsl r4lo.PTIOns 

.......................... A. Average Traverse Velocxty (*?Test) +PS ................... B. Average Reiercncc Pox n t  Vel ocx t y  (Prc-Test ) +- ....................... C. Average Traverse Velocxty (During Test) +PS ...... D. Gas nctcr  Temperature (Use M.F, fw  Tnap. Comp. f l e t a r )  'F 
E. Gas neter  Correction Factor ................................... 
F. &&rage Stack Tmp. .. .F L. Saapling Time .......... ri n 
G. stack Cross-Sect. Area +t' R- Nozzle Crosr-Sect. Area +t* 
H. garometric Pressure ..a --A N. Net Sample Col lect ion . rg 
I .  Gas m t c r  P t c ~ S U r e  .... --A 0. Net Sol id C o l l e c t i m  . . rg 
J. Total Stack Pressure . - P. Water Vapor Condensed . rl 
K. Patot Correct ion Factor P. Gar Volume tletercd dt+ .... 
R. Corrected Gas Voluae PIctWed PQ X 1/29-92> r 528 x E] . dK*  

(468 + D) 
IpLsyFK / -rfY 

S. Percent Water Vapor i n  6as Saaple 3 = ; - - * . - - -  I (O.&axxP~ + R 
X 

T. Average nolccular  bhxght (Wt)  a 

......... 6as Dcnraty C o r r u t r o n  Factor ( \ / ~ B . ~ s / T  ) 
Flue Correctxon Factor (A/B) ........................ ... Velocity. Pressure C o r r h c t i m  Factor ( J 29.92/5 ) .............. Corrected Ve loc i ty  (C r K x U x V x U) .............................. F l a  Ratc ( X  x G x 60) 

+PI 
cfr 
ufr 

................ BB-Sample Concentration (0.01543 x N/R) gr/esc+ ... CC. Sample Conccntrati  on . (34,143 x BB/Plolec. ~ t .  ) 
DD. Sampl e Em1 s r ion  Rate (0.88857 x AA x 88) ............ 1 b/hr 

9DI (*Y) 

EE.So1id Emission Rate .0.8801322 x 0 .  x ........... 
( AA) 

k 
l b / h r 

. . 

;FF. Isokineta c Sampling Rate X 

Figure 2 -1-9 

Calculation Sheet 


	Table of Contents
	1. overview
	1.1 Princip
	1.2 Applicability
	2. Field Procedures
	2.1 Apparatus
	2.2 Procedure
	2.3 Calibration
	3. Engineering Calculations and Reporting
	3.1 Nomenclature
	3.2 Volumetric Flow Rate

